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Abstract of JP20001 15028 
PROBLEM TO BE SOLVED: To improve detector 
performance and also increase a system capacity 
by using an adaptive detector by means of 
considering unknown interference. SOLUTION: A 
linear coupler is used and multi-access 
interference is considered in a multi-user space 
time rake receiver. A real part operator is used 
before the linear coupler in the first version of the 
detector. In this case, a linear coupler processor 
20 comprises the bank of the real part operator 
and the linear coupler after it and respective 
components 141 1-1 4K are slicers forjudging an 
estimation symbol being most close to the input. 
An unknown interference source is considered in 
this way so that detector performance is 
improved and also the system capacity is 
increased. For example, interference from an 
buried micro-cell can be considered in a base 
station receiver. In the meantime, interference 
from a signal which is not demodulated can be 
considered in a hand-set receiver. 
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[PH] y^WCDMAyXfAtfjUT, 3ft 

m%^m r a k egfIS, TWMa, tiilXV 
Hi-?.— m&*fflMLXD S-CDMAfl-^-^m^ 

( mm s e ) aspsrg-ffl-r a - 1 1 i 0 , mmta^) 

WHg^tgfc . MM S E««fiS(i^i«t3S*-C 
J; ") CTiMWici m^^hl itb '0 tzmM&t 
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[ mm i ] mm^msx^ ^ ?mmmz x o 

>y h fc , ^^fI^oM^v;^^xj£^ 

*>&fcthXT-y~7°k, 

b. ^\L~vy\^^^)vmm*^m-h^>yr 

k, 

c. HufE3t-^b^*;L4t£ffi£ffl^TME8£- 
7^7ft*£fi^tftfLT££l^£X7^y7°fc. 

[ imm 2 ] 1 - u y I- f-^ ^^ftSffiii . m 

ies^7 a )Vf)ftnfrt>imztit z k mwiki-m 

[ if *ii 3] mmt-uyh^ A^mmmz . m 
mm^^^tuzk zmmktmmwuzmm 

num. 

xtf. Zti^ti^T-fyytfiUZMMlzMfctllk 

mmk-rmm i tiea^*ffi. 

[ IMII 5 ] HulBX r >y 7° a & J: c £ A, Iz Ml 3S 
J$fcS£«Hi , «E ? v 7m 7 A )V 9 £ ffl \ >T US § 71 

hz\k zmmkt&imm {ztmrnm, 

[ff*H7] fffEft/h¥±^SilMa¥«. k^gco 

i-ift^LT, ifriEWS^offi^fc, k#@o^- 
— if or-^ >- #)Vk comcommta, zmwmzm. 

vv#mfrm^R, nnmrnmiA^ mmrvA/^ 
^ivm\G , a x w ^7^^7?yfv-{ xml a 2 & 
t> nm* z z t m m t -rmsm i ties 

[ If *il 9 ] lufEWS^ti . Ii7'n -y^fT >J 
■y^fflMtWiKR, *WSSHfT#|A, HfSTW/if^ 
^/HWJ^ItSffi g \ ts i tp 7 ^ 5 7 y V J A X 
<y 2 frh tf MW B £ ffiM-f- S ^ i: £ #® fc -ri>li*JS 

7 iztmmm* 

[if*ii 1 0 ] mmmm^mi., *Eu7*~yyy 



urn. 

imtm 1 1 ] mimm^t. mmy'v v?tt 

imm 1 2 ] luf E«£^« . ^S7' n -y 7 f7 

hz\k zwmki-mmn 1 0 ^m^m. 
imsm 1 3 ] mtf-fm^&wmmmz 

ti. t^EW^^tn-'tta^tii, ; h ^ fc-rs 

lf*iI4^IBi6^^& 0 

mmitmi-th z\ t zmik-t&mm 1 3 tfsso* 

?£o 

[ if %m 1 5 ] Buia^j^zsmnspti . k m @ 

FKftLT. lulE«^H7)tfi*fc. k#I^ 

jl-it<ot- ^ isyftfvknm^mmtihzjmmit 
M^nz-tmmm^mm^i-i z t &#ati--i»ff^< 

[it *ii 1 6 ] mmmmsmi. . mmmru a /f- 

^^/ff^ffl^^JRe (M) , ^jgKffRA, *3 

mx>v?y^yYJA xm. 6 2 *^ffMw fl sis 

[ft*ii 1 7 ] iuiBH^is^(±, ^ffr^^ /^^ 
A^v/^mmiiwmmmmnRe (m - ) , nn 
mmmi.A * tsxwtvrrjvyvsj x^-m a 2 & 
immti> z. t &mstt-tim& 1 5 tie 

umn. 1 s ] mffiffl&&&\$. ^7 t-yy/ 

^HffiPSrSffl-TS ^ t ^ffS t t-|>IMif 1 3 tfEK 

umm. 1 9 ] mimmik^vv7t~yym 

( M ) <7MWW^mVN h ^JfMtS ; t s-^-tf ; t 
^#®t^sii*iii 8tis©^*s 0 

tif^ii2 0 ] mmm&®<n-ev7*-i>'y<m 
mmmii, mmr v a /^*>u/®^mmmmm 
imm^e (_m; ) ^mnm^Awm^m^^ 
z k *-%tszk zmmkthtmm. 1 s ^ztmmm. 

imrn.2 1 ] friEEfsx^7 h 7AKmm^«i, ffi 
mbhtimmm&ztih z t mmtmmn 1 
iztmmm, 

[ft^2 2 ] filE«g^&ffiffl^l»Wt, is^ 

x=Fm&*mftt& z k mmk-tm%m4 izmm 
[ imm 2 3 ] mtmmm^^mz . mieii^is^ 
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[ If *H 2 4 ] Wk(Vm%X^7 1- 7 i«fi^S 
a . MfEM4^[IfgX^^ b 5AHi^< b i> 

b. mtm^y ^v?&j]frt,ah~]/yhj-^^m 

c . HufEut-L-y b^*;L4t5Effi£ffl^TfirlE8£- 

[IMII25] a. ( i ) mmWMc K1 (k=l, 
2 , . . . , K ; 1 = 1, 2 , . . . , L) U PfflOS 

mfr^&TyTi-T^JizMmmmh^^v < P = 

1 , 2 , . . . , P ) T-i'J#-f Sm^flft* Lffl«9#» 

b 2 , b K zimi-&Kmm^&®T-?im 
sj, s 2 , _s K £. pffl^Tyr-^rw?)^* 

( i i ) ^ft^^^fl'fcitmxte^iffiRco 
( h ki !. p \ c ki r , ) 

an) fi»ft(t<oiis<o#a-irt:*fi-4LPffl<o 

( i v ) k{M»£>k-^7 

b. fjfEK-<? W^£«£^=A^ LT^ST? 

^x^mmmtmjm^&b , 

c. fifEWJI^ISSt LTf#^§fl-^£KILT^l 

[ if *n 2 6 ] mmma^mt . 
mnmrnfm (a> 

1/ >f ^/trW^WiJ ( M ) t , 

MSr.M " t . A >y ? 7*7*; y K 7 >f Xff>j/mi <s 2 fc 
LT. 1WIJ_MA 2 _MH_+(? 2 M ' <m:m\b. eMiffiSL 

-r&zt mmb -tmim 2 5 t^a^i. 

[H*II2 7 ] IfflEKfflOSftOllgP^. IrFlEU^ 
^Olut;tt^| ) ;fc^#©i:-ri ) |f*S2 5tfES 



[If *II 2 8 ] fjiaS^ L fflZ>#fi¥ nTtg&V^f- 
^W^tt^fflf^f-^b!, b 2 , b K 
Kffl^ff^^T-^fl^ S ! , s 2 , . . . , 

9b. 

t?iaK-<^ Y)v^wm^mzxnLx^m.T9^x 
mmm^^mts %>mix zti?ti?>T—? yy 

[ n mn 2 9 ] mmim^ffli. 
ttnwffifm (A) b, 

TVA /^^^)VW^^Vi~YMk (GH) t s 

y^yV/A X<Mffi£ c? 2 1 L s K L PffK L P^ijto 
#fifr?iJ£ Iklp^ LT. WlhRGA2G" + tf2 I KlP 
cDgfrMi: , (OltfcJBJfctS - i: ^Sff*H2 
8tlE«<7)^a o 

Pfflc7)Tyr^^^tL -f tLT^ft $ titz K ffl^)fi^ ^E- 
$> SE^ 7 -f /I/ ? <0 A> ^ TiaBfiK 2r fi 1 5 X r «/ 7° i: , 

r ]✓ >f /f - ^ */i^Hftwit£«[^a9^ft'tisafift^# 
*n.Mm~$-hx^y?b. 
n&mzixfrmmmzim lx k -^^ 

yy#iv<7-mmM^^h7,TvTbfrt>%hc\blt 

umms 1 ] mmm$mm. 
*tnmmm (a) b. 

mmr v a /+**fr/wmmm ( m ) t , 

LT , tf^JM A2 M H + c? 2 M tOMf ?lj t , S 
^ i: &#mfc^Slf*JS3 0 tlE«O*S 0 
[|f*Il3 2 ] PMcDTy^1-fyt>%Z>TyAT%m 

a . pffl^ryT^m^ii'r«$n^Kii^fi-^ 
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k, 

c . mmBmt<m%^^z>mLxztL?tL<nT 
mmmm (a.) 

7^yF7^X«M^tf^L, KLPffKLP?l|« 
#f5fi^lj£4 klp LT, ffflh-.RGA? G=+ <? 2 .1 klp 

TtStfWJ . ctfg £ ffM-f ?> - £ h -rs It*il 3 

2ttaa«^o 

[IMII3 4] TWMPI^O r akefiSt, 

[|f*H3 5 ] tulET1^4* *PI£fr o r a k eS<l» 
14, 

®t;S-^SSE^7 4 WWW 9 b , 

vwvmh*. nmhTVA /^%)vmi 

[ if *n 3 6 ] mmmmx^? h ? mmm^zx 
t, 

$zmm<o^< t h-??* vht, zti^cDimcDM 
mmcD&u ( z z P ) 

7^/i-7fc, 

ffl (h k , liP - c kjl " ) £*#SfSl@Ki:, 

fjiBn b - u y b ^ ^fflv ^tmibs-3- 7 * 

M^ItfS7^7 I- 7AHI^|:l 9 



b. mm&7 < )i?&j]frto?t-uyhj-^*)m 
j£.\m$Lm-hx^v7b, 

c. mm^'t-]yy h^^^mmim m^xmrnm^ 

7 4)V?fc-h?tn.MmLXtM^*thx^y 7b. 

d. %m77^x^mm&i%v^mtmm(v\M.wx 
^ v yAffi&m^co^ <bi> -tf 7"^ y h izm-i * 

tLf^f- 7 y y £ mjli- hx^<y7b. £ lulB 
7-n-b.y^fc^ff ^ fc s^&fc-rsgms. 

[^TjprMFJ] 

[0001] 

[^^M-TSKW^if] #3|BHfi. 7/KA77X- 
^V^'&itl^ST^-bX^ (MA I : multiple acc 
ess interference) £gftl> EffiftiJ& (DS : direct s 
equence) %t^W&7Hm (CDMA) yx^MZfM 

u rat, ^coiai^TATfflv^^sm^aie 

[0002] 

[#*OSIfr] <Jcffitt»»7>f ^Xfppfcft LTfi m 
ZtLX^&iiCocoXo^vJ^yxcDMAyz^Mz 

£ Urv ^tsi** f \z £~>xmmzztL&~? 

-tX) =F^T-*>So r ake^flU (R. Price and P. 
E. Green, "A Communication Technique for Multipath 
Channels", Proceedings of the IRE, Vol.46, pp.555 
-570, March 1958. #fS) U\ Iftm^t^MmWZs: 
iflrf-) U7°V%Zat~yyh iz&jgL-t h Z. b \z ± 

V/bf-JL-Hf'^ttJ (S. Verdu, "Multiuser Det 
ection", Cambridge University Press, New York, 199 

8. mm) \±, fm^3-~*ntm&thmz, ma \<n 

[00 03 ] gjttt^o-c, Sfl^^^-vyx^s 

^tisiH-sfcftt, rvA>m*<m$%> z b izm>b 
tmtix^z. zcox o , wm^mmzh 
v rcwtm r y 7~t£ ffiffl Lx.r y T-tmw$?4 > * 
-^•f ^ ^hc, «rsgt-rs t 

COTfcS. ^n^OSr^IJiS»&. rake^ttjfej: 

<?D»<?5l5ttBStJt^T . CDMAyXxAt?)§i^Hi# 
t"I.JIji^^feS (Mi(f . A. Paulraj and C. Papadi 
as, "Space-Time Processing for Wireless Communicat 
ions", IEEE Signal Processing Magazine, Vol.14, N 

o.6, P p 49-83, Nov. 1997. #§fg) . mimx^n'sm 
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CDMAf^sii. 7W»£. rakefjfflifcli 
~?J\/1-3-—?miiiWftlfr A. Naguib an 

d A. Paulraj, "Performance of Wireless CDMA with M 
-ary Orthogonal Modulation and Cell Site Antenna A 
rrays", IEEE Journal onSelected Areas in Communica 
tions, Vol.14, No. 9, pp. 1770-1783, Dec. 1996. tfz 
(i. S. Miller and S. Schwartz, "Integrated Spatial 
-Temporal Detectors for Asynchronous Gaussian Mult 
iple-Access Channels", IEEE Transactions on C'ommun 
i cations, Vol.43, No. 2/3/4, pp. 396-411, Feb. /Mar./ 
Apr. 1995. #Hg) fcfcifcfflWO^r. %0)®0®g. 

h^tfz (H. Huang, S. Schwartz, S. Verdu, "Combined 
Mulfipath and Spatial Resolution for Multiuser De 
teetion: Potentials and Problems", Proceedings of 
the IEEE International Symposium on In format! onThe 
ory, p. 380, 1995, &£Mi. M. Nagatsuka and R. Ko 
hno, "A Spatially and Temporally Optimal Multi-Use 
r Receiver Using an Array Antenna for DS/CDMA", IE 
I CK T ran sac Li oris on Communica! i oris, Vol.K78-B, No. 
11, pp. 1489-1497, Nov. 1995. #83) . 
[0 0 04] 

mmmmix o t-tmm mcoyx^Mim^ 
izwftttitf* mwamwh*) . mz, 3mm<^i- 

Zttfnjm'C'fol. Nagatsuka and KohnoCOlfcJtWttai 

(its*) \±^-rmzmLxmmm.m%h» 

Huang, Schwartz and Verduc^fm^TIi, riy f— ?y 

x t mm <r)W) Yv-Y^y^mthxv^ t>K z <n 
fcmzm^tix\^\ mmmmz^y), gms 

(i. ^.W^m^M^zXKh^bif^mt^ , % 

^m^mizAtiiztmmt^t). 

«y h-gfl^ii, BJ^tflU LTV ^ wi^£>ot# 
[0 0 0 5] 

[ WmtimtZ 1z*><&m ] *?PJI(i . rakefi 

^. twxhi. iui/^T^-— vma&mmixD 
im^ti^i). *^(i. v/^jl— r^msst 

(MMSE : minimum mean-s 

quare error) SP^Wf-g, „ ^<^Pti 0. tftg 
f^^OJFMT'. tb^W^M^^^tgfc^S i: 1 1 



mmx^mxh h . ±ie^ ± a t . r <y r u y 9 ts i 

[ 0 0 0 6 ] >VlXMM~%M ( P AM : pulse amplitud 
e modulated) T-^fi^)J§~£-. ^m^2^mM 

Mii. A7 vxx tpiiEWll^^il? t ofmo 1- 
?a»^£^%ftlt^fe£±§^(i. ^1 SUfeM^ti 

5 ttwrr s « L£ 3 L. mi n»j(i . mmm 
s. gm^p^iffl^ry^SrlrL. Sfifi^'K 

flODS-CDMAr-^fl-f'^^^O. #DS-CD 
M At - 7 fl^fi Ui^jl® $ il/i & £ V ^tiS^ffft A, 

tirz-?}WsxuTVXtt-tz>k-tz>, ^yyr^z 
fcv^T. 7^^»A'y^i; KLMStft^t, % 
iiWwr?W*x9A 5 y^HgTffi^-f 5 „ 7 i)V 

a ) >^*-?<7$mm.\,z± *)mmift>iixfrt>£ 

#j£4hfifKflS<#fW) 0 t>CO 1 ot^TJ&f S K 

fcommmi. mm*, \-v--y? v > ft 

#fr&ft&*U. . mmm&m rake gmJSf&fl 

«r. ^fhfrf&ttzm^uxizmix. Mjfrts 

^L-HfOPAMT-^^V'^&fSS-f So L^U ^ 

-^imtimm%ffi®x\M£ix\^m$. ^ v 
fi-mftizimcosL-^fr^^iii-Tf^x^mmx 

IX. -?)l^T7 J cX^W^n]£-th, 
ii. HK-^? b;W^t^tL^^KxK^jW fl tj: 
^TH$tiS 0 ;off?0(i. ^m\tmK-<7Y}V 
(OW.t . T - ^ ^ V sK/UO K-<^h;L-t<7) ralOft/jNZ 
^HSr^N^S. ^OffMttft/J^ASIIM (M 

mse) wmzmv^htztb., mmymmT}V3vxi±?t 
m\^x^Kimmmz%h z>-&x-z & . ft^s^K- 

je l . -t commmcotzmzm^x y^y-t tdrm^ 

[00 07 ] m2»feM(i. T^^W^^-^^iEil 
^ISEaT'S) «, i: # «i^ W^-o t-?y^5r 
L^L. T^^^fi^^H^^TTIi. 

n 2 mm<?m tmrnzm^-t hzt&zw mmi 

kt%u (m^m^^^Mmimi^m) *\ sjtE«i 
m<%mmffhz. mimmmt^z, m2mm 

»7nyixyFll P»ryft^)^iifW:M 

itX^ifct>»^S. L^t. mi^tMfcfiM^O. H 
95^U - ^ ( ^gPE 0 m t ) i: i« (KxKfr 
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[00 08] ItSP AM ( QAM : quadrature PAM) f" 

-?fi^)*§^ i^yxfWyg y^2^7cTfe 
tai^w^r^M ^i/iiifi^^istt^. ® 2sm 

[0 0 0 9] MMSE«jaja«±^S*^T*S^ 

-eott^te, mm^)v^-^m^co%isni. o izt 
mnm, mmse fM^^frf^ i vf*^ o -r 

[0 0 10] MMSE^tB^^-fti^Uffi^JC r- 

t s . t tz , m m s e m&mz . \mt>mm 

[00 11] *!6IBt:J:SCDMAfi#«lJfiSS(i. ^ 

k#@ox— tfo l #Stf0v;^^oa3STft 0 , n 
p (t) (±, -tM^fciVW^y^X^^SfcAix 

(a) fl^ttt'.y h^S|LTgfl§3flS 0 

( b ) h# (gjEtf 0 a . y y *7i« Wb^T . v > # 
(c) fuffl^7^-ybfeJ;lX^^«i, lyy 

[»2] 

If L 

^=11 h kil , p c kil s kil Akb k + n p 
k=ii=i 



ttaHStlfc^T, *tlfc&«£ix^7:f-vyx£*| 

[00 12] 

[3^<Z«tt0>JE8S] [«fH] k#g<7)X-Hf (k = 

1, K) #r-?*#Ib k (t) ^Nf77tM 
50s k (t) T"«fl>Kx— n^rA£#;tS. ^ 
EBffiA^^-. r-^M«^X»g^ti (PAM) 

tfcaj&B«D*§£\ T-^^IJttPAMS/i(±E 
3SPAM (QAM) Wftlh MUZivfc 

Slfl^tii. 1f l»7 x - y> *;WM c 

hl i ( t ),..., c h> L ( t > &tt& ummm^m 
^m&'iiv^xwLfttLxmm-th. mmii. px 

/H^j&JHi, 'J - 77y^ t^tfS^^k, i ( t ) 

^•ri»w«i:LTiij*t. r wising 

iot-HHSfin (Mi.ifA/2) *§-£\ p#@tox^ 
ytyr-«. mx]^yMdrft6fifB^7-lr>y r-h 
kiliP (t) (±, h hiliP (t) =ex P (jr (p-1) 
sinfl u (t) ) ^-i^^fcj/y^aBIBI 

[»i] 



^)i4*6*(t-n^)+np(t) (1) 

fc*5U s kl i(is h (t-r kil ) ^JtEf§^-y7°S 

^t. -t^htb. ii s k ,i ii = \xhh a mmtt^n? 
yf^xhhtmi-th, u>u ^tit^MMSE^ 

[0013] 
[^1] 
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h = [h 14 . . . h liL . . . . . . h KtL ] nmpxKLT wftai 

H D = diag(h 14 . . . h 1|L . . . h K4 . . . h K , L ) mm KLP x M7H frW 



Cjb = [ci,i...c 4il ] T 
C - diag(ci . . . Cjf ) 
R 



A = diag(Ai ...Ajr) 
h = [b 1 ...b K ] T 

u 

o BX „ 

(4, ^W±^SlfS#^7y<? HPT^D. *<Mm 



Re(n) 
I IfI1 ( n ) I 



R((fc 1 -l)K+l„(b-l)ifK 2 ) = Bfe.dSfa.h 

uxumtmi 

14. (fig^rh^) ^^iW«^MLT^Oj; 
[»3] 



fflm* Re (X) = (X+X*) /2fcitflm 

(x) = (x-x«) /2ts«L, *(4aasftft*s 

■t. ftot. Re (n) isjtf Im ( n ) (4. 

ifc&* tr 2 t-fflstiifflM^ . ^oW-)yr y ? > y 

[00 14] [ft#£0(lS£iarake)£m»(@ 

i) ] ^7W-^;i^;^f-^*;i^§-&t;:. 
W -f^tfiflm-flExt^^, -ix(4 

KLMC0VtW*xmSt$Hlr_Si,i, s ljL , 

s K ,i, .... s K:L tfi^L/i, ^ry^-nzmm 

ffi&rty? 1 0 i> . 0 1 OtS^tf' >y ? xrto < s 

k ,l, ■ > t^^lBffitt. S k>1 (k#@^-Hf<^ra 

-t<?D# «y ? X^\0)XtS^ h )Vb <n?m* b hc\b^ 
•t. <s k ,i, ■ > fc^afEStfc(tSH>y H4A77£ 

it, w s^'ftgfEa, slow sy/ftgr/p 
zi^m^tMJE-r-&) ^m7j(4. (su, ri> 

z = RH^CAb + n s 

fcrtfU KLPXKLPtfM—RSr 
[85] 



(zi, z P ) -c^t. 

[00 15] #ffiflr^l ltiJV^, ffllSK&tfJ^Hu *r 

jet* */immmMm*i&?n&mt>ti$> . ji 
(ri/^f/wu) #iMi£flh k , ljP - Ckjl - 

f)fMSS^^f-J-H-oi-LS . 'lir.i'iii'iiL MM 

(12). ^eYik. k#g^-^'t;MtTlSS 
fc LTf#^^ll>Pffl«B)c^W§^l» ( 1 3 k , k = 
l, .... K) . -e<oa, #JS#J±, flgf^'^i/; 
}4IM^^?S§tLl> 0 PAMr-^fi^*!^. k#g 
^-if't^SflTETA'^ x ( 1 4 k , k = l , 
K ) (4. k#@<7)<? h;HS^Hgpti-^ U >/ m 

[ooi6]@ih, m^y a iv^tD^^zanhY, 

LP-\^ h)Vx= [ Zl T ... z P n T (4&^i:3t;»< 

[i»4] 

(2) 



R = R® Ir 
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'(:]• 



| Im(n 5 ) 

[0 0 17] 
[»8] 

(H^C^RH^G = C*[{H*H) o R]C 

Rc{y ro „„} = Rc{(H D C)^z} = MAb + 



[»7] 

fte(R) Im(R) 
-tm(R) Re(R) 

I/flgfAMxi 4i-l 4 K ^A^fc{tl>K-^? 
WWiifcco J: a tfsa?fc^< z. b & . 

[*9] 



(3) 



[141 0] 

M = Re{C /r [(H^H) o R]C} 

Xfoh . 7 ^ X<^ h;Hi*fiWtcHT* o , &<94hij£ 

*conv ~ »?(0^,(T 2 M) 



(MAb), 



[SI 2] 



M = C ff [(H*H) o R]C 



^znt^yvmmimz. Re {y con j omk^ 

#<7>®$lM(hard limit) . "t&fc^ b " h = s g n 
(Re {.y conu , k } ) TJfeS. fi!*«0rakegfiS^ 

[SI 3] 

(4) 



tztzL, X !k , ff^JXco (k, k) 
SaS'aSrtftffHSifo L^7*-7XXJt«te. BP 

[0018] [-m.m^mmmmm-7!i^—f r a k 

e gfl^ (02)] iifB^*^^ rake gflfi 
h . H 2 -HRW=5:V;H-^-— r a k e ^ft 

t s , ~ >^ n - . n 2 / ■ -»:-.u3 i j "2 oii. mm^^ h - 

^M4,, I4 k (i, *<75A*fcfti>ifi^ 

W A = argmin{£ [||WRe{y C( 



3 y (*KB»Bi:V^. ) tt. ^T^ti^THS^ 

s. zcom^. #BSff^2 0(i, if««»i'Vi 

b B<?mmti&&imm&^7 zvmB 
Mmmb%&„ arx\ ziit>co2mm$,%cD9mm 

[0019] [mmkwm^^^^m^A m 
3) ] Kmco^-wznix+jf^mmco^vUi. 

3$ (3) CfcUTK-^WRe {.y C onv> t 

h>ib. hii<bcomcD¥-£}r.mmtfm;Nz 

UK X Kff?[jW fl %mbb& z b xh h . 
[»143 



w 



„}-bll 2 ]} 



(5) 
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Rc{C ff [(H^H) o R]C} i fc **CS & . 

[SI 6] 

W A = £?[b(R*{y £DIH ,}) ff ]{£'[R e {y rort J(Re{y„„ u }) ff ]}- 1 

- AM(MA 2 M 5 + ff 2 M)" 1 (6) 



[0 0 2 0] 03 (±. *^til.«imffiA<7)rn>y^ 

y? l o££tr. #7^x3 Hi, ( 6) XH-t^fi 

l)KX KffMW, £ i T5E«SfLS»^^*H 
■t. : «ff?!Jfit1lif fillip J; o t^r S „ Z.K 
«±, 3owl, -t£*>*>, ( a) «ft»gtwil (A) , 
(b) ^ttTW/^^Lv^^ffl^ff^iJ (M) . is 
itf, (c)7H /f- ^ ^)V/^mM, WffiA ( m ) 

fc, ^flfrM^fft (AO fc, 7V^/ftWf 
#fflWff^x;PS-h^ ( M «) h^fttO ft£§ 
iX£7W/^*/P/^MW'J (M; ) KA-y? 
/7^yF7^'«M (<?0 T"S^£ft(t£&<7)£ 
jDifcfc^fe^Sff^J (MAIM' + tf'M ' ) CO®. 

siftns**ft/htL, ^ ( 5 ) co^zasm<o^<o 
fltt^/ift, mm s Eft? ( 6 ) \i±wmm^m> m 

W A = A" 1 [Rc^KH^H) o R]C} + <7 2 A -2 ] -1 

ysAX&o&&rf< fcfcfcfc, MMSEfftfflSte. M [*18] 

Jim W A = A" 1 (Re{C*[(H"H) o R]C}) _1 (7) 
ymttltf. ft ( 3 ) , ifc^S: ft£ . [ft 1 9 ] 

limW^y = A- 1 (Re{C Jf [(H // H)oR]C})" 1 
x Re{C*[(H*H) o R]C}Ab 



fcXJAWKy? (32i, 3 2,) /O nm'i 
[00 2 1 ] ^MMSE&mS^ffl&^t&Ji. ft/h 
XA ( 3 3 ) ^ffl^tSMtlMK^K'&S, 

hh^L^tihn&mry^yxhh* &is, mm 
[0022] r^^it/ft^/^igf^wtc 

" =C ? H * = HT*$i:{Rj&$-$i:, ( 6 ) K&tt 
[»17] 



= b 

*LT. #fiT^bxT*(i0^$iJ§tL^ o MfflM^ 

ttitsA (DD-A, decorrelating detector A) <0H^ 
Tli, ^ (6) T^*&*UW A £W fl =_A-_iRe {M} 
- l X'W.%mth« Z\ZX\ C« [ ( H H _H ) OR] C(4iE 
SgffiT&O^T^T&Sfcfle&fSi:. Re {_cn_ 
[ ( H H H ) OR] C ] i>±ti"lWt%&, 
[0 0 23] ,l(VMl(VMM$Em&$s (MMS 

E-A) tf>t*vMft9*£fttW-4. ^A^rX^zH 

w&k-k? hiumcom^xh^. 



y A = W A Re{y conv } = W A MAb + n A 

[12 1] 

Xfoh. m~>X, MMSE-A^^^ffifflt-I>k#g 
[R2 2J 



(W A MAb) fe 



(«) 
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W A =A"i (Re {_CH [ (HUH) OR] C} ) ~ l k 



[»2 3 3 



^[(Re{C^[(H^H)oR]C})-i] (M 



(9) 



[0 0 24] ^OMMSEf^ft^mo^ifW:. 
JET;l/ 3" U ^' A t m^&ts z. k if? *%\^k"C$>&. 

/I/ W t ? * - * o*froati ^a^t ^SJBW M M 
s e £igfhr a <r t ? j t ^ a ir^* t s . 

-t^iliYESTfcO, ^tLt^^T^-t^^gy 
[0 0 2 5] [Bt^Wv^^-lf'^^B ( H 

4) ] ^-t?y 3 y«gl!(i, aS«B«fc:^nri8t* 

Wfl = E{hz H )[2{zz H )\- 1 
= AG ff R[RGA 2 G J 
= AG*[RGA 2 G i ' + 



) H4fc. Slffl&A^^t^U-^fcitl 

t^H- i a ^m-oa^K xkl pfi=^mw B t * t 

ftflsftfcii, ^Otf?lJ&, MM S E 

[*2 4] 

Wfl = axgmin{£[j|Wz -b|| 2 ]} 

* (4) 
[R2 5] 



+ <r 2 R]- 



(10) 



TfcS. 12514, «:UMMSE-B«W 

)V9Wl>9 1 0£-^tf o #7^^5011 iC(10) 
T*5-l i-M K X K L Ptf^W B £ ± oT5£»$;h.4« 

[1*2 6] 

Wfl = argrain{i7[j|Wz -b|| 2 ]} 

0) ayWik^M. Z^WWK 3o£>JB, -f&;b*>s 
( a ) MftMWJ UK ( b ) f£*o#Mfc£ft 

s r v a /+*r*)\t&g& k mmxfo h fim^mz-m 

fimwc, ( c ) lWiJ-RGA 2 Gn + cf2 _I KLP <7)itff 

(2) t«oT5g«S^I»fflMtf?iJ (-R) 7W 
/^^^/HS^^WiJGfc. »Mfi^J<7)2St (An 

k. rk^/ft ^/Hi^tfflWlJOX^ 5 - b Jtft (7) 
KLPXKL PTOWlJt^-.y ? ?'=/i>y h*y>f 



y? ool 3o K ) tixmrn^y-f^r (3 
2 1 , .... 32 K ) imm&a&y&iz < s . * a Ti4 

=5r<, T-^tfQAM?***^ I*fl£X7^t 
(14!, 14 K ) ^Atf&fltfJ:^. PAMf- 

[00 26 ] BPSKr-^t*ti-4ttai»B«0tyh 

h;M4 
[R2 7] 

= Re(Wflz) - RefW^RH^CJAb + n 3 

[*28] 

«j»~7(0jr,a a WBRWj) 

Tfoh* ti£~>X, MMSE-B^^^ffifflt-I>k#g 

[R2 9J 



pMMSE—B 



{*) = Q 



{R6(WflRH g C)Ab} fc 



cr^WflRW^)^) 



(11) 
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[0 0 2 7] Pffl«gff$3fll>N-<? WL-£|i-<7)N 
P—*.?hJVr= [rV r 2 T ... r P T ] 1 &<I 

b t ISn-LT , r t3g t <DK X K Pfi^J Z. 

I^Miti. :«KXKPff?ij6 0«Ikfft. * 
O&OHSM"'*. U - ? 6 2 J; V'flgX 5 >f ^ 6 3 fc £ 
is7C§^ll> 0 ^t. MMSE-Bfcffl«Hi, m&%? 

s 0 ^mm-rhmmmta^ mm ^mmse- 

? J J-vT$mt&Zbti s -CZ&. MMSE-A^J^fc 

amfcTJVdVXA (61) ^ffl^TjljKWfc^-r-S 
£fcj&*T#S>. LjEpU MMSE-Bii. TWiUtX 



[0028] 2oO«ltBffi<0S<0E®«0«l*fWJtKi±ffl 

Sffi^ifcT". y^XTPJ^o^jfi-K^trr. MM 

S E - A«A7 t-vyxa-fCMM S E - B i ijffi 
tlX^ZZtZxtt. MMSE-BtMJE-fSJiJi 
fflW^m^DD-Ba^. W B ^A-i [ ( H D _C ) 
RH»C]-i (H»C) HTg#BiiSC:f:^-r. (B5t 
fc. (H D C) H ~RH?C = C H [ ( H H _H ) OR] C(i 

[ 0 0 2 9 ] #&H 1 : 
[$30] 



= A" 1 [(K D C) H RH D G] _1 {H D C) H 



mm-. wiat-RHDCAs (H»c)H+(jn UP «i: 



[S3 1 ] 



A(H P C)* = limA-^fH^C^RH^C] 1 (H D C) H 
"x [RH i> CA 2 (H 0 C) // + o*I KLP \ 
= A^C)" 

+ lim (it 2 A -1 [(H^C^RH^C] -1 (H^C)*) 
-= A(H D C) H 



f-jt, (H D _C) 8-RH»_C = C» [ (H H H) OR] 
Ct^oWi, MMSE-AfciS(t47W*J 

iW;H-^«<o*S^S(i (H"c) HfcJ^mf <r t 

*^&Sf:V^*ll*»t, DD-B(i S£7-f;W<9 
A'y^fc. ^aofe^fc. ^of*o«^ (_ch_ 

[ (HHH) OR] C) -ifc, %<?>®0mfc*'^V—9 
b, ^COmcOXy J DD-Ali, MffiW 



r^Re [{C ff [(H#H) o R]C}- 



^tmm^~9<7M.m^MUih itt. mm 

(Re {_C B _ [ ( _H H _H ) OR] C) ) - l Xhh'Z\b 

zm^xmib^m-x-foh* w B ^(ii) ou B 

= A"i [ (H»C ) i-RH»C] -i (H»C) ^XW^m 

£ 9, DD-B«h"7 MHOW^oiat; 

=5:4. 
[S3 2] 



(12) 



[0 0 30] mz. DD-Aj^DD-BiOi^Stfi ffiT'&S fc»f [Re (_M) ] -i i>£fciDai 



[0 0 3 1 ] 

MI2 : P k DD - fl (tf) gP k »»- 8 (<7) 

[ 0 0 3 2 ] Um : ( -TfLfcOWni, WMH, Luce 
nt TechnologiesttOEmre TelataHdtf LT\ H$3££# 

[0 0 33] _M = C« [ ( H H H ) OR ] C b^Mf 



[Re (_M) ]"it0k#@t0 

*(4srcfc s ; fc taa^s . ) y zmizmv. x = 

[Re (_M) ] -\yb&%. .x \mXfo h Z\ b IZ&B 
■t&t. x'. Hx-xiRe (_M) x = y [Re (_ 
M) ] -it&D, ifc, x I _y=.y I [Re (__M) ] - 1 
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l/Zjtf L T x T M x y 1 (_M) -i y s (x'y) 2 T'S)S 

y 3, [Re(M)]- 1 yy ?, (M)- 

y r (M) 

vv&^fctJOfto. ^WflSt&jfctob'af, DD- 

A b D D - B 7 * -V > XttHiC (±i < fMT US 

S E 1 -7yXliMMS E - A«t 0 i>&#fc 

[00 34] [MMSEW, ^JfflV/H^-h 

^m^b"vb^tj!ij^*ssLT#^ 0 mz. zti 



[»3 3 3 

V > (y r [R*(M)]" 1 y) 2 
l y > y r [Re(M)]- 1 y 

imzanhwmm^mmz^x^th. mm^ 

^K-fS^tfx ffiifflWIfcajS^^fcriig-fS. -eft 
m^iiS^S! ( t ) isitf s, ( t ) ^)2a-f 

nw^-fy ffli««yy^^^-t « %imm 

fir (t) =AiSi (t) b!+A 2 s 2 (t) b 2 + n 
(t) X'foh* fcfc'U A k iikS=gm-— ftOSIf 

( t ) (±jnatt^yryy^XT-fes 0 

[0035] 
[£2] 



gig) 

*2(*) 



B: 2 J.— tf*^5/>^;VW-b'>XxA 



J ^ J r 

s 2 (t) \s 2 (t-T)\s 2 {t-2T)\ 



[0 0 36] y-—f 1 ^'FJtaoj-— fTfoht^lk. 5-1 
Sl (t) fc*ff-|,fi^7^/L^£ s 2 (t) OiOl^ISI 

twtJ Ucfcw^s, S2^b t^t^™^ y ^ 
v y #>ns: m^zmm-6^-— tr 2 «w^ts^ts-&t 

i^T^;ft.S5;i^£8tf&3;h.&. (t) 
s 2 ( t ) CO 0 *> s ! (t) fcfi^f SgB^fc L. s 
2 L (t-T) s 2 (t-T)<0o , fes 1 (t) £S* 

5/l^ia«s 2 » (t) +s 2 Mt-T) fcs 2 K (t ) - 



s 2 l (t-T) T^flt. Z^l^li, m2<DCAz 

^timw~?)Vi-v~ Vffy^nzwskth z\ t ftTZ 

s 2 R (t) +s 2 (t-T) +s 2 l (t-2 
T) , s 2 E (t)+s 2 (t-T)-s 2 Mt-2 
T) , s 2 E (t) -s 2 (t-T) + s 2 L (t-2 
T) , &itfs 2 * (t)-s 2 (t-T)-s 2 Mt- 
2T) X^i\.hJ)Vmmzhh, t~9V~YKoL 

<mmmtfmxt& tow , «t 0 §iM6^s^p H i 



(a 3) )00-l 1 5028 (P2000-1 1 5028A) 



M S E tStfB4S(c i, iiffl^S £ l> . 

[0 0 37] [MMSE^SfciW$i±] 
WMMSEgit TP?!* (^^y-fe^) 

$;H»w\ w^y-fe^ii, t^es^is 

*l> 0 2affi^^M*^ffiffl^T"fcl> 0 mMKr&Sg 
(pre-combiner)ii. *8B*S£*8WmtaT=f*£?TV\ 

(post-combiner) (i, &fciH*£fT0 . Hifflfe£ 

mnm. wm&i&zx -> x^zxh^tix^^ 

commtiTm^- com^ , nm^mx-^m 

flftfj. mm^m-mi. mm^mzx^x^ 
titz i/>#)vw%.*nmct i tMzmu ^Kh . wm 
jL-if t w$r y y #/Hf££« * e 

2 g<o y y ^'/ussTfflv > i&m&w&L 
ztii* ^tico=fmmmx%, ?®mE?zzb 
i/zx-ox, ®m*m*iz-£z z t *> "Ti&tttf* 

[OO38]07(i, H3<0ttEBfflAtJ:S1?nBS^» 
?)k#gc7)A7Jfc£^T, jl— ff j = l , K(j 

f±, -rKxcoryT^zmmWiW^. 



&fuf . w fl v) atj*>> # i t a^roc* s . 

*u w fl «0k#BOA}J^*<9^-# (BlftfcSfifc 
5£§tu 7 0 k ( k = 1 , . . . , K) t'SStlS 

[00 39 ] @8(i. H4^ft^Bti£M£^§ 

W B fc i^T^JtSfL^vT** . 8 0T"S§tll> jSt 

#A?j^«f § - 1 ffx*^ h . 

[ 0 0 4 0 ] 09 i±. ^HJifci 

sm^w n ■/ 7 mT-fe s . ^ ^gftnii p \mrvT 

-*-£#U 9 0, 9 lfcitf9 2"C5SS;h.4 3ffl<9*T 

jl— »r t^-rsi^iw^^y^ffiSffi^ffM-rs . m 
2^f-y'9in o^^^^fis^jyy 
xfrffizmt. Kmn^-vmrnft. wm. &xu 

1 (i, £ftM# r i , . . . , r P ^^FM^— f' k KM 
[*34] 



[ 0 0 4 1 ] =5rJ3, If k tH-f Z^fri-^X^mii 

^^m%.\m^xfoti\i, Trnztuzmm 
( %an%imm ) tav/^r^ -k^^i^r < % 6 . 

lx , k rtstrsft^wy ywm 

[0042] ±M<n@mt&^8ffi&£mi. xf- 
y'9 ijDi^9 2^*^iRStig0ii-rc:fctJ:o-c. ^ 
WMKm-h z. t tPX'% h „ MMt i i>^°y t-?y^ 

[0043] 



^yACDMAyXfACfe^T, jlJSGS^^g [Z X 
0. gfl^ii, *a«^«&#StAiil>;t^^ 
^ai^^°7^-vyx^«§ 

tumvfr^^-m^mzxtih ,i t mmtts*) , 

[Hi] 7;kfxwybryftTk^ #ryft 
m^mmts x we^s s- affl-r s «*o y y 

■fl^ia rake Sfl^OHT-fe l> . 

[H3] v/h^jl— r Bt^r H iM m s e ^aits^m i mm 
ua\ ] 7;kfa-fs$^MM s E^m^ti 2 yM 
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[ff^Of^] 




1 0 




[He ] mimtmmm^^m^mt^mii 


1 4 






3 0 






3 1 






3 2 




[08] *m&z z h v/h^— m^^M m s e «iai 
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6 1 




[09 ] #3&HJifc: iSfIMiS^T^*gft^7'n 
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